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Abstract 
In this paper, an adaptive nonlinear controller for transient stabilization and voltage regulation of wind power systems based 
Double Fed Induction Generator (DFIG) in multimachine environment is described using a classical third order dynamical model 
of the DFIG. Estimation of non measurable time derivative signals (quadrature stator current component of the DFIG, mechanical 
input power, unknown transient open circuit time constant for direct axis) and an online computing technique for the operating 
points (e.g. power angle and its reference) are presented. The major advantage of the proposed control law is its robustness with 
respect to large disturbances, parameter variations and change of the operating point. Simulation results in the case of 4-machine 
power systems show the performance of the proposed control scheme and its heftiness properties. 
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1. Introduction 
The number of wind farm has significantly increased in recent years. This form of energy has become a 
considerable portion of generation capacity in many countries. Projections of future realizations show that the 
number of wind farms will increase very fast in many African countries over the next ten years.  
Nowadays, wind turbine (WT) operation under variable speed using DFIG is growing as the favoured technology 
due to the reduced mechanical loads on the wind turbines [1], the new strategies of controlling both real and reactive 
power for easier integration of wind turbines into the grid, the lower mechanical stresses and the reduction of 
acoustic noises. The DFIG is not easy to control due to complex dynamics which are essentially nonlinear and to the 
fact that all the state variables and outputs to be controlled may not be accessible for feedback. Many progress have 
been made for field oriented control strategy which is based on proportional-integral (PI) controller [2]. PI-
controllers present appropriate performances in many applications. However, when parameters variations occurred, 
due principally to physical effects (temperature, saturation and skin effect). PI control performances may be 
critically deteriorated [3]. With the progress in power systems technology and increasing demand for quality energy, 
it is necessary to focus on the possibility of using modern control techniques. The linear optimal control technique 
and the direct feedback linearization technique (DFLT) constitute some solutions [4, 5]. But the main downside of 
these controllers is that the computation of their parameters is based on a good knowledge of the linear model and 
the measurements of some state variables are required. It is well known that those measurements are difficult to 
obtain in practice. In [2, 3, 6], the authors proposed some nonlinear DFIG controllers. But in those contributions, 
transient stability and voltage regulation of the power system have not been investigated. Furthermore, most of the 
above control laws assume the mechanical power input and power angle to be available. But these parameters are 
not physically accessible for measurements [7].  
To this end, an adaptive nonlinear controller using synergetic control theory and combined with a high order 
sliding-mode differentiator (HOSMD) and high order sliding-mode observer (HOSMO) is designed. The synergetic 
controller proposed in this work is the modified version of the one proposed in [7]. The resulting adaptive nonlinear 
controller is robust with respect to large disturbance (200ms three phase short circuit fault), variation of the direct 
axis transient open circuit time constant up to 50% and change of operating point. In this controller a decoupled 
nonlinear strategy has been used for individual machine and depends on local variables. Therefore, the proposed 
adaptive nonlinear synergetic controller can be implemented practically. The paper is organized as follows: the 
DFIG model, the control objective, design of the controller and the global convergence analysis are presented in 
section 2; Simulation results and discussions are given in section 3. Finally, in section 4, some concluding remarks 
end the paper. 
2. Methods 
2.1. DFIG model and control objective 
The dynamic model of the ith DFIG in multimachine configuration is given by the third order eq.(1) [1, 7, 8]. 
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The back-to-back converter (rotor side converter: RSC, grid side converter: GSC), the step-up transformer and 
dc-link dynamics are described by eq. (2) 
 
 (2) 
 
 
In the model described by eq.(1), δi, Pmi and the time-derivative of Iqis are assumed to be not available for 
measurement. Moreover, Td0i is assumed to be time-varying unknown parameter. In the literature, these are the main 
difficult points for nonlinear control of power machines. To overcome these blocking points, we introduce in the 
following analysis, an adaptive nonlinear control scheme for transient stability and voltage regulation of wind power 
system with online adaptation of the above mentioned parameters. 
 The objective of the control is to achieve transient stability and voltage regulation despite variation of Pmi and 
Td0i. This objective can be summarized by: 
 
                                                                                                                                                                          (3) 
2.2. Design of the synergetic controller 
In order to derive the nonlinear control law, the third-order model (1) is rewritten as follows (eq. (4)) [7]: 
        
 
        (4) 
 
 
 
 
 
 
 
 
 
 
 
 
are used to simplify the notations and (Vδi, VPei,) considered as new control inputs. It can be noticed that the 
second relation of equation (4) does not contain the new control input. In the following analysis, we will use the 
reference active power (Pei*) as an auxiliary input, to control the relative speed ωi. The design procedure based on 
synergetic control follows the analytical design of aggregated regulator methods [9].  
Given that equation (4) is in the form presented in equation (5), our goal now is to find the control input such that 
the closed-loop system is exponentially stable at the operating point. 
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To this end, we define the following macro-variableɔ୧ሺ୧ሻ ൌ ሺɁ୧ െ Ɂ୧כǡ ɘ୧ െ ɘ୧כǡ ୣ ୧ െ ୫୧ሻ. 
 
 
 
1
+ +
1
+
1
+
gi
dig dig s qig gdi id
gi gi
gi
qig s qig qig gqi iq
gi gi
dci
dci ri gi
dci dci dci dci
R
i i i v v
L L
R
i i i v v
L L
V
V P P
C V R C
Z
Z
x
x
x
­   °°°°    ®°°°   °¯
 
t
 
lim 0
* , * ,i i i i ei mi
x
with x P PG G Z Z
of'  
'   
 1
i i i i
i mi ei i i
i
ei Pei Pei Pei
f b V
P P D
M
P f b V
G G GG
Z Z
x
x
x
­  °°°   ®°°  °¯
 
 
, ,i i ix f x u t
x  
   
 
 
2
cos , sin
- '
, ,
'
1
- '
' '
i ri i i Pei ri i i
di di s qis
i i qis i Pei s qis
ei doi ei
qis dis qis
Pei ei ei di di
doi qis doi
V V V V
x x I
where f I b b I
P T P
I I If P P x x
T I T
G
G G
G T G T
ZZ Z
x
   
    
   
128   Jean de Dieu Nguimfack–Ndongmo et al. /  Energy Procedia  93 ( 2016 )  125 – 132 
The control input ୧ ൌ ሺஔ౟ ǡ ୣ ୧כǡ ୔ୣ౟ሻ  will force the system to operate on the manifoldɔ୧ሺ୧ሻ ൌ Ͳ.  
The desired dynamic evolution of macro-variable is given by: 
                                                                                                                       (6) 
where  ୧ ൐ Ͳ is the design parameters matrix that indicates the converging speed of the closed-loop system to 
the manifold specified by the macro-variable.  
The chain rule of differentiation gives: 
                                                                                                                                      (7) 
Substitution of eqs. (5) and (6) into eq. (7) yields:  
                                                                                                                                                               (8) 
Eq.(8) is used to synthesize the control law ୧ ൌ ሺ୧ǡ ǡ ɔ୧ሺ୧ሻǡ ୧ሻ.  
By applying this method to the DFIG, we obtain the nonlinear controller ui as follows: 
 
 
 
 
 (9) 
 
 
 
 
 
Finally, the original control input of the ith DFIG is derived from eq. (9) as shown in eq. (10).  
 
                                                                                                                                                                 (10)                    
 
The control law (10) is not implementable in practice since the time-derivative of Iqis and Pmi cannot be obtained 
directly using numerical differentiation due to the presence of noise. Therefore, online adaptation laws for Pmi and 
Td0i and observer or estimation algorithm for ሶ୯୧ୱ,ሶ୫୧  andɁሶ ୧כ are required to complete the design.  
The HOSMD design for ሶ୯୧ୱandሶ୫୧ , and the HOSMO for Pmi and Td0i have been developed by us in [7].  
2.3. Global convergence analysis 
The global convergence and stability analysis taking into account the interconnections between the HOSMD the 
HOSMO and the synergetic nonlinear controller are based on the separation principle theorem. The finite-time 
convergence of the observer/estimators allows to design the observer/estimators and the nonlinear control law 
separately, i.e., the separation principle is satisfied [10]. The only requirement for its implementation is the 
boundedness of the states of the system. The synergetic control law guarantees the global stability on the manifold. 
The structure of the proposed synergetic nonlinear controller is depicted in Fig.2. 
 
   
 
, , 0it i i i i
i
T f x u t x
x
M Mw   w
 
 
 
*
* * *
eq
eq
eq
ei ei
i i
i i
i i i
i
i ei ei i i
i i
ei mi
Pei Pei
P iP
V V
b T
M
u P P
T
P P
V V
b T
G G
G G
Z
G G
Z Z
­ °  °°°   ®°° °  °¯
*
, ,i
eq eieq
i ei
i Pei mi
ieq ei mi i i P
P
f f P
where V P P D V
b b
G
G
G
G Z
x x       
 2 2
 
tan
ri i Pei
Pei
i i
i
V V V
V
arc
V
G
G
T G
­  °°® § · ° ¨ ¸° © ¹¯
( ) ( ) 0ii i i iT x xM M
x   
i
i i
i
x
x
MMx xw w
 Jean de Dieu Nguimfack–Ndongmo et al. /  Energy Procedia  93 ( 2016 )  125 – 132 129
Table 1: Parameters of 4-machine test system. Reference [7]. 
 
Table 2: Parameters of nonlinear controller 
Parameters G1 G2 G3 G4 
୧ஔ౟ 1/40 1/40 1/40 1/40 
୧ω౟ 1/70 1/70 1/70 1/70 
୧୔౛౟ 1/60 1/20 1/20 1/20 
Parameters of HOSMD and HOSMO are given in [7]. 
3. Results and discussion 
The effectiveness of the proposed adaptive nonlinear controller has been verified by numerical simulations within 
the Matlab/Simulink environment software. The multimachine configuration used is the 11-bus adapted from 
Kundur’s model and depicted in Fig.1. 
In order to appreciate the performance of the proposed controller, we consider in this work three cases of 
disturbances: 
i) a large disturbance (symmetrical three phase short-circuit fault during 200 ms: 2 < t< 2.2 s);  
ii) an online variation of Td0i (50 % drop: 4 < t< 6 s, note that the rotor resistance Rri may vary up to 100% 
due to rotor heating and this variation implies that of Td0i up to 50% since Td0i = Lri/(ωsRri) [7])  
iii) a change of operating point: 50 % drop at t=8 s. The bound value corresponding to 100% variation is 
the maximum admissible value under normal operation.  
Therefore, a protection device should stop the operation in the case of more variation. All simulations have been 
carried out by using a wind average speed of 10 m/s and the robustness of the algorithm under noise condition has 
been verified when the magnitude of the noise reaches about 4 % of the magnitude of the stator current of DFIG. 
The responses obtained are shown in Figs. 3 and 4. Fig.3.a and Fig.3.b show the control input for the three cases of 
disturbance. It can be noticed from Fig.3.d that the estimates of Td0i track the reference value when the rotor 
resistance varies.  
Parameters G1 G2 G3 G4 
Hi(s) 3.5 3.5 3.5 3.5 
xdi (pu) 1.1 1.1 1.1 1.1 
x’di(pu) 0.2 0.2 0.2 0.2 
Di(pu) 0.3 0.3 0.3 0.3 
Tdoi (s) 0.4 0.4 0.4 0.4 
Fig.1. 4-DFIG power system based on Kundur’s model. 
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From Fig. 4.a and Fig. 4.b, it is noticed that oscillations are rapidly damped (convergence time < 0.5 s) after fault 
clearance, after 50 % drop of Td0i and after change of operating point. This is the consequence of the effective and 
rapid convergence of the HOSMD of Pmi, Iqis and Ɂ୧כ as shown in Fig.3.e, Fig.3.f and Fig.3.g where the HOSMD 
errors are depicted.  
The Terminal voltages and DC-bus voltages are observed in Fig.4.c and Fig.4.d. which show the robustness of 
the controller for voltage stabilization in terms of less overshoot and fast oscillation damping. In order to insure 
fault-ride-through during grid faults, in practice wind turbine based DFIGs are usually equipped with a fast over 
current protection (crowbar protection) to protect the power electronic valves and an over voltage protection of the 
DC-Link capacitor. The crowbar protection is used to avoid disconnection of the DFIG during grid faults in order to 
fulfill the requirements imposed by grid utilities. In this work, the operation of the crowbar was modeled by 
deactivating the converters upon the detection of rotor current magnitude above the current protection limit and 
short-circuiting the generator. In addition, a dissipation resistor is used to protect the dc-link capacitor during 
overvoltage. 
4.  Conclusion 
In this work, a solution to the problem of transient stabilization of DFIG in multimachine wind power systems 
has been proposed using synergetic control theory. Finite time estimators for the non measurable mechanical input, 
unknown direct axis transient open circuit time constant, as well as a modified high order sliding mode differentiator 
for the estimation of the time derivative of Iqis and Pmi have been presented. The major advantage of the proposed 
control law is its robustness with respect to large disturbances, parameter variations and change of the operating 
point. In the future work, the authors intend to carry out the experimental part to complete and finalize the project.  
Fig. 2. Structure of DFIG and the synergetic nonlinear controller 
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Fig.3. Control response to 200 ms three phase short-circuit fault, online adaptation of the variation of Td0i (up to 50%) and change of operating 
point. (a) Direct axis rotor voltage control Vrdi, (b) quadrature axis rotor voltage control Vrqi, (c) estimates of mechanical power Pmi, (d) Td0i and 
its estimate, (e) Pmi, differentiator error,  (f)  Iqis,  differentiator error,  (g) Ɂ୧כdifferentiator errorǤ  
Fig. 4. Control response to 200 ms 3-phase short-circuit fault, online adaptation of the variation of Td0i (up to 50 %) and change of operating 
point. (a) Relative speed ωi, (b) rotor angle δi, (c) terminal voltage Vi, (d) DC-link voltage Vdci . 
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